We investigated afferent inputs from all areas in the frontal cortex (FC) to different subregions in 25 the rostral anterior cingulate cortex (rACC). Using retrograde tracing in macaque monkeys, we 26 quantified projection strength by counting retrogradely labeled cells in each FC area. The 27 projection from different FC regions varied across injection sites in strength, following different 28 spatial patterns. Importantly, a site at the rostral end of the cingulate sulcus stood out as having 29 strong inputs from many areas in diverse FC regions. Moreover, it was at the integrative 30 conjunction of three projection trends across sites. This site marks a connectional hub inside the 31 rACC that integrates FC inputs across functional modalities. Tractography with monkey diffusion 32 magnetic resonance imaging (dMRI) located a similar hub region comparable to the tracing result. 33
Introduction 45
The anterior cingulate cortex (ACC) is composed of multiple regions that support a wide range of 46 functions (emotion, motivation, higher cognition, and motor control), and thus, is in a position to 47 cut on a freezing microtome, and one series with sections 1.2 mm-apart was processed for 136 subsequent retrograde tracing. The serial sections were processed free-floating for 137 immunocytochemistry. Tissue was incubated in primary anti-LY (1:3000 dilution; Invitrogen), 138 anti-FS (1:1000; Invitrogen), or anti-FR (1:1000; Invitrogen) in 10% NGS and 0.3% Triton X-100 139 (Sigma-Aldrich) in PB for 4 nights at 4°C. After extensive rinsing, the tissue was incubated in 140 biotinylated secondary antibody followed by incubation with the avidin-biotin complex solution 141
(Vectastain ABC kit, Vector Laboratories). Immunoreactivity was visualized using standard DAB 142 procedures. Staining was intensified by incubating the tissue for 5-15 s in a solution of 0.05% 143 DAB tetrahydrochloride, 0.025% cobalt chloride, 0.02% nickel ammonium sulfate, and 0.01% 144 H 2 O 2 . Sections were mounted onto gel-coated slides, dehydrated, defatted in xylene, and 145 coverslipped with Permount. In cases in which more than one tracer was injected into a single 146 animal, adjacent sections were processed for each antibody reaction. 147 148 Analysis: strength of inputs and defining the hub. Seven out of sixteen injection sites were selected 149 for analysis based on the following criteria ( Fig. 1 ): 1. Location of the injection site along the 150 rACC; 2. lack of tracers leaking into adjacent cortical regions or into the white matter; 3. 151 outstanding transport; and 4. low background. Two cases were in the same position, however, one 152 particularly large, and served as a control for size. This case demonstrated that the number and 153 strength of projection to a site was not dominated by the injection size, but rather its position. To 154 evaluate the strength of the different FC inputs to each injection site, we divided the FC into 27 155 areas based on the atlas by Paxinos et al. (2000) , in conjunction with detailed anatomical 156 descriptions (Pandya & Seltzer, 1982; Preuss & Goldman-Rakic, 1991; B. A. Vogt, 2009b; Vogt, 157 1993b ). Labeled cells were quantified throughout the prefrontal cortex (PFC) and the premotor 158 cortex using StereoInvestigator software (MicroBrightField) as previously described (Choi, 159 Tanimura, Vage, Yates, & Haber, 2016) . To compare the input pattern across injection sites, the 160 percent input to each site was calculated based on the number of labeled cells in each FC area 161 projecting to a given site, divided by the total number of labeled cells across all FC areas projecting 162 to the same site. Areas were then ordered based on their percent scores. The number of areas whose 163 cell counts added up to 50% and 75% of total input was calculated for each site. To determine 164 whether the inputs were distributed evenly across areas or highly concentrated in a few areas, an 165 entropy score was calculated to compare the input pattern to a uniform distribution: 166
where c i is the percent cell count for the i-th area, and log() is the natural logarithm function 168 (Conrad, 2004) . The hub was characterized by a high number of areas contributing to 50% and 75% 169 of total inputs. Additionally, the hub was expected to have a high entropy score that indicates 170 evenly distributed inputs across areas. 171 172 Definition of commonly referred regions. To determine whether inputs to each site show spatial 173 regularity in their cortical origin, FC areas were grouped into regions commonly used in the 174 terminology of functional studies (see e.g. (Clark, Boutros, & Mendez, 2010) ). These included: 175 frontal pole (FP, area 10), vmPFC (areas 14M, 25), OFC (areas 14O, 11, 13, OPAl, OPro), vlPFC 176 (areas 47, 47O, 44, 45), dlPFC (areas 9, 46, 9/46), dmPFC (areas 9/32, 9M), frontal eye field (FEF, 177 area 8) and premotor cortex (areas 6, ProM, 6/32). We note that in many functional imaging studies 178 in human, the demarcation of vmPFC includes the medial part of Broadmann Area 10. However, 179 area 10 in both NHPs and humans has a dorsal and a lateral part that covers the entire polar region.
To maintain cytoarchitectonic consistency in spatial demarcation, we separated area 10 from 181 vmPFC entirely and designated it as FP. 182 183 dMRI data collection and analysis. The dMRI data collection and preprocessing was previously 184 described in Safadi et al. (2018) on the cross-species homologies). Twenty-five hand-drawn masks were transformed from the 210 fsaverage space to each individual's diffusion space with nonlinear registration provided by 211
FreeSurfer. The FC areas were used as seeds, and areas 32 and 24 were combined and used as the 212 target. Each mask covers 3 mm thickness (2 voxels) of white matter at the gray-white matter 213 boundary. 214 215 FSL was used for probabilistic tractography for both NHP and human. Tractography was 216 performed from each seed mask to the ipsilateral target mask. At each voxel, a sample was drawn 217 from the orientation distribution of the anisotropic compartment with the closest orientation to the 218 previously visited voxel (Behrens et al., 2007) . To exclude indirect pathways through subcortical 219 structures, the thalamus, the striatum and the amygdala were used as exclusion masks. To measure 220 the connectivity strength between each seed mask and each target voxel, the number of streamlines 221 arriving at the target voxel was divided by the total number of streamlines generated from the seed 222 mask. The convergent-connectivity value was defined as the sum of areas with non-zero 223 streamlines multiplied by the connectivity strength. The final results from all individuals were 224 displayed on a template brain via linear registration (FA image of the template by Calabrese et al., 225
Results 227
Overview. Injection sites were labeled 1-6 based on the spatial order of their locations ( Fig. 1) . 228
Sites 1-3 were in area 32 and labeled from caudal to rostral respectively. Site 4 was in the transition 229 zone between areas 32 and 24. Sites 5 and 6 were in area 24. Sites 4-6 were labeled from rostral 230 to caudal. The additional large injection was in area 24 and overlapped with site 5, but, extended 231 beyond the borders of site 5. This case served as a control for the variability of injection size. 232
Retrogradely labeled FC cells were quantified in each case for each area. The projection strength 233 from each cortical area was calculated based on the percent of total labeled cells. The sites differed 234 with respect to projection strength from various FC areas to each site. The results demonstrated 3 235 projection patterns across sites: a decrease in the input strength to sites 1-6 from the FP and the 236 vmPFC; an increase in the input strength to sites 1-6 from the FEF and the premotor cortex; a non-237 monotonic gradient centered on site 4 with the input strength from the dlPFC, the dmPFC and the 238 vlPFC increasing to sites 1-4 and decreasing to sites 4-6. Taken together the results show that site 239 4 receives inputs from the greatest number of FC areas. It also contains the most regionally diverse 240 inputs compared to the other sites. Finally, consistent with the tracing results, dMRI tractography 241 in NHP and human showed convergent probabilistic tracts from the FC to an rACC region in close 242 proximity to site 4. 243
244
Projection patterns from the FC areas to the rACC. Not all FC regions project equally to the rACC. 245
Overall, retrogradely labeled cells in cases 1-3 were primarily located in more rostral regions of 246 the FC, while those in cases 4-6 were primarily in more caudal regions (Fig. 2 ). Case 1 showed 247 high concentration of labeled cells at the rostral pole of the medial PFC. However, at more caudal 248 levels, the concentration of labeled cells was located primarily ventrally, with few labeled cells in 249 areas 9 and 9/32. In addition, there were clusters of labeled cells located in a caudal OFC area 250
OPro. Similarly, in cases 2 and 3, labeled cells were concentrated rostrally in the FP and the 251 vmPFC regions. However, some clusters with a few labeled cells were also located more dorsally 252 in area 9L and caudally in the lateral OFC. In contrast for case 1, additional labeled cells were 253 found in the vlPFC (areas 47L and 47O). Case 4 showed a diverse pattern to the distribution of 254 labeled cells, with a clear increase of dense clusters of labeled cells located in dorsal regions. At 255 the most rostral level, labeled cells were concentrated in the FP. At more caudal levels, labeled 256 cells were extensively distributed in the dlPFC, the vlPFC, ventromedial OFC and the vmPFC. An 257 additional cluster of labeled cells was also found in area OPro. Case 5 resulted in labeled cells 258 concentrated ventrally, primarily in the caudal part of orbital and medial regions, although 259 scattered clusters of labeled cells were also located rostrally in the FP and dorsally in area 9. Finally, 260 labeled cells in case 6 were primarily distributed in caudal dorsal regions, in area 8 and the 261 premotor cortex. Only very few labeled cells were found in ventral or rostral regions. 262
263
An essential property of network hubs is their high degree of connections. To measure the degree 264 of connection of each site, we identified the number of areas that contributed to 50% and 75% of 265 total inputs. This number varied extensively across sites ( Fig. 3) . At site 1, only two areas, 25 and 266 10M accounted for 50% of the total inputs. Inputs from areas 10L and OPro accounted for an 267 additional 25%, for a total of 4 areas comprising 75% of all inputs to site 1. Similarly, two areas, 268 10L and 10M contributed 50% of total inputs to site 2, and two areas 25 and 46 accounted for an 269 additional 25%, for a total of 4 areas comprising 75% of all inputs to site 2. At site 3, three areas 270 25, 46 and 47O contributed 50% of the total inputs, with three additional areas 9L, 10L and 11 271 (the additional 25%) for a total of 6 areas comprising 75% of all inputs to site 3. In contrast to sites 1-3, site 4 received 50% of the total inputs from five FC areas 9L, 47O, 9M, OPro and 46. Five 273 areas, 9/32, 14O, 14M, 8B and 9/46D, contributed the additional 25%, for a total of 10 areas 274 comprising 75% of all inputs to site 4. More consistent with sites 1-2, site 5 received 50% of its 275 inputs from only two areas, OPro and 47O. Four areas, 13, 10M, 25 and 9L contributed the 276 remaining 25%, for a total of 6 areas comprising 75% of all inputs to site 5. The control site was 277 large and had a higher number of labeled cells than all the other sites ( Fig. S1A ). Despite that, it 278 showed a similar distribution of major input areas to that of site 5. The control site received 50% 279 of its inputs from two areas, 13 and 47O. Three areas, OPAl, 47L and 46 contributed the remaining 280 25%, for a total of 5 areas comprising 75% of all inputs ( Fig. S1B ). Finally, four areas, 6L, 6/32, 281 9/46V and 8B, contributed 50% of total inputs to site 6. Five areas, 6M, 8A, ProM and 8/32 282 contributed an additional 25%, for a total of 8 areas comprising 75% of all inputs to site 6. In 283 summary, the number of areas accounting for 50% and 75% of total inputs varied across sites 284 (Table 2) . Importantly, this was not a function of the differential size of the areas (Fig. S1C ). At each site, we identified the FC regions contributing 50% and 75% inputs ( Fig. 5 ). FP and 297 vmPFC contributed 50% of the total inputs to site 1. The next 25% were from FP and OFC, for a 298 total of 3 regions. At site 2, only FP contributed 50% of the inputs. Inputs from vmPFC and dlPFC 299 comprised the next 25% for a total of 3 regions. vmPFC, vlPFC and dlPFC contributed 50% inputs 300 to site 3, and OFC and FP the next 25% for a total of 5 regions. OFC, vlPFC, dmPFC and dlPFC 301 contributed 50% of the total inputs to site 4. The next 25% were from vmPFC, OFC, dlPFC and 302 FEF, for a total of 8 regions. Inputs from OFC and vlPFC comprised 50% of the inputs to sites 5. 303
The next 25% were from FP, vmPFC, OFC, and dlPFC, for a total of 5 regions contributing to 75% 304 of all the inputs to site 5. Finally, at site 6, both the 50% and 75% inputs were contributed by 3 305 regions: premotor cortex, FEF and dlPFC. In summary, sites 1, 2 and 5 had the most limited 306 regional input, and site 4 had the most diverse regional input. 307 308 Projection trends from cortical regions to the rACC. Using the mean percent score for the 309 projection strength from each cortical region to each site, we identified three modes of cortical 310 projection patterns to the rACC (Fig. 6 ). There were two monotonic trends across all sites, one 311 related to the FP and vmPFC projections, the other the premotor and FEF projections. The third 312 mode was a nonmonotonic gradient with a single peak at site 4, related to the dlPFC, vlPFC, and 313 dmPFC projections. In the first trend, vmPFC and FP contributed to more than 15% of inputs to 314 sites 1 and 2, ~10% to site 3, just under 5% to sites 4 and 5, and close to 0% to site 6 ( Fig. 6A) . 315
The between-site difference was statistically significant (Kruskal-Wallis H = 10.48, p < 0.02). This 316 trend indicates a decrease in projection strength of vmPFC and FP along a gradient from site 1 to 317 6. In contrast, the second trend demonstrates an increase of projection strength from site 1 to 6 of 318 inputs from premotor cortex and FEF. These regions projected strongly to site 6, but weakly to the 319 other sites. Indeed, the average contribution of an area in these regions was less than 1% to the 320 inputs to sites 1-3, ~2% to sites 4 and 5, and more than 5% to site 6 ( Fig. 6B ). The between-site 321 difference was also statistically significant (Kruskal-Wallis H = 35.46, p < 1×10 -5 ). Unlike 322 projections from FP and vmPFC, this trend is less evenly distributed along a gradient from site 1-323 6, as the projections are concentrated in site 6. The final projection pattern is a single-peak 324 nonmonotonic gradient centered at site 4. The average input strength from dlPFC, vlPFC and 325 dmPFC increases from site 1 (~1%) to site 4 (> 5%) and then decreases from site 4 to site 6 (~2%). 326
The change across sites is more gradual than that in the 2 monotonic trends. The between-site 327 difference was statistically significant (Kruskal-Wallis H = 20.18, p < 0.01). Interestingly, OFC 328 areas did not show a trend across the rACC (Fig. 6D) . Rather, the OFC projection was strongest 329 to site 5 (8%), 1 (5%), and 4 (4%) and less so to sites 2 (2%) and 6 (1%). 330 331 Summary. FC inputs to 6 sites in the rACC varied with respect to strength and regions of origin 332 (Table 2) . Site 1 & 2 receive the strongest (50%) inputs from 2 areas ( vmPFC and FP); site 3 333 receives the strongest inputs from 3 areas (vmPFC, vlPFC and dlPFC); site 4 receives the strongest 334 inputs from 5 areas (OFC, vlPFC, dmPFC and dlPFC); site 5 receives the strongest inputs from 2 335 areas (OFC and vlPFC); and site 6 receives the strongest inputs from 4 areas (dlPFC, FEF and 336 premotor cortex). Importantly, site 4 stands out as having the highest number of areas that 337 contributed 50% and 75% of inputs to it. Site 4 also had the most diverse cortical inputs. Across 338 sites, the projection strength of different regions formed 3 spatial patterns: vmPFC and FP showed 339 increasing projection strength from site 1 to 6; FEF and premotor cortex showed decreasing projection strength from site 1 to 6. The third pattern was a nonmonotonic gradient formed by 341 projections from dlPFC, dmPFC and vlPFC, with a single peak centered at site 4. 342 343 Convergent probabilistic tracts from the FC to the rACC in dMRI. The FC of NHP dMRI images 344 was parcellated into 27 areas that corresponded to the 27 areas used in the tracing analysis ( Fig.  345 7A). Each area was used as a seed mask. Areas 24 and 32 were combined as the target mask. 346
Probabilistic streamlines from the different seeds terminated in partially overlapping regions in the 347 target mask. Each streamline was a probabilistic estimation of the path that connects a seed voxel 348 and a voxel in the ACC. As an example, Fig. 7B shows two seed masks from areas 11 and 46, and 349 Fig. 7C illustrates the voxels where streamlines from the two seed masks terminate in the ACC in 350 one monkey. A subgroup of the streamlines from both areas targeted the same voxels (shown in 351 orange in Fig. 7C ). We identified the location of highest convergence, i.e. the voxel receiving 352 streamlines from the most number of seeds. A convergent-connectivity value was calculated for 353 each voxel in the target mask, approximating the number of areas with high density of streamlines 354 to that voxel. Consistently across 7 monkeys, the highest convergence-connectivity value found 355 across all animals was located at the rostral edge of the cingulate sulcus (Fig. 7D ). This is in a 356 similar location as site 4 in the tracing experiments (see Fig. 1A ). There was some individual 357 variability on the dorsal-ventral axis. In 3 animals, the highest convergent-connectivity value was 358 just dorsal to the cingulate sulcus and in 4 animals it was just ventral to the sulcus. 359
360
We applied the same tractography method to human dMRI data. The human FC was parcellated 361 into 25 areas following Petrides and Pandya (1994) . This anatomical division was developed to were not clearly defined in the human parcellation by Petrides and Pandya (1994) , and were thus 364 not included in our human dMRI analysis). Similar to the NHP analysis, areas 32 and 24 were 365 combined as the ACC target mask. Probabilistic streamlines were generated from each seed to the 366 target. A convergent-connectivity value was calculated for each voxel in the target mask. The 367 results demonstrated that, as in the NHP results, streamlines in each subject converged in the rACC. 368
The highest convergent-connectivity value was consistently located in the rostral part of the rACC 369 for all subjects (Fig. 8) . The geometric center of the individual results was at the genu of the 370 cingulate gyrus. This region was spatially approximate to site 4 in the NHP tracing study. Despite 371 the morphological difference of cingulate sulcus between human and NHP, the geometric center 372 of the results in Fig. 8 In this study we mapped out the FC inputs to different subregions within the rACC: Site 1-3 were 381 in area 32. Site 1 was the closest to the sACC. It receives the strongest inputs from the vmPFC 382 and the FP. Site 2 receives the strongest inputs from the FP, while site 3 receives the strongest 383 inputs from vmPFC, vlPFC and dlPFC. Site 4 was at the conjunction of areas 32 and 24. It receives 384 the strongest inputs from the OFC, the dlPFC, the dmPFC and the vlPFC. Sites 5 and 6 were in 385 area 24. Site 5 receives the strongest inputs from the OFC and the vlPFC. Site 6 was the closest to the midcingulate cortex. It receives the strongest inputs from the dlPFC, the FEF and the premotor 387 cortex. Site 4 stands out as having the highest number of input areas with the most diverse 388 functional associations. Together with the projection strength patterns across sites, these results 389 suggest that site 4 marks a hub region in the rACC. The dMRI tractography in the NHP 390 demonstrated that streamlines from FC converged in a location comparable to site 4. Using the 391 same tractography methods in human, we found that streamlines from FC also converge in a 392 similar position in the human rACC. Thus, using a cross-species, multimodal approach we 393 demonstrate the existence of a hub in the rACC in NHPs and, in a similar position, a likely hub 394 human rACC. part of the midcingulate is also referred to as the dACC. In human neuroimaging studies, the 410 definition is less precise. Different from the NHP terminology, the human dACC does not include 411 parts of the pACC but only the rostral part of the midcingulate. The pACC is often referred to as 412 the rACC. To avoid confusion, in this study we use rACC to refer to pACC in both NHPs and 413 humans. was to seed at the location of each injection site and trace streamlines to the FC. However, using 431 this method, we found disproportionally fewer streamlines exiting to cortical areas as compared to those that remained within the cingulum bundle (Fig. S2 ). This problem is due to the dominant 433 fiber orientation in the cingulum bundle. Fibers are highly aligned in the cingulum bundle along 434 the anterior-posterior axis. Consequently, the diffusion signals are strongly anisotropic towards the 435 anterior-posterior direction, while being disproportionally weak in the other directions. Thus, 436 streamlines from the ACC seeds have very low probability of leaving the cingulum bundle. The 437 low number of streamlines reaching different FC areas result in low statistical power for measuring 438 the connectivity pattern. To address this problem, we used seeds in the FC areas instead of the 439 ACC. This way, more streamlines can be traced between an FC area and the ACC, providing 440 sufficient statistical power for estimating the connectivity strength between each area and each 441 ACC voxel (Fig. S2C) . 442 443 Input patterns vs. cytoarchitectonic patterns. The ACC areal divisions alone cannot fully account 444 for the projection patterns we observed at each site. If the projections were constrained by the 445 cytoarchitectonics of each rACC site, there would be little overlap between the input patterns to 446 sites in area 32 and to those in area 24. Importantly, inputs to site 4 (the hub), positioned at the 447 junction of areas 32 and 24, would equally reflect similarity to the inputs to the neighboring sites 448 3 & 5. However, this was not the case. First, most areas that project to area 32 also project to area 449 24, though with varying strength (Fig. 3) . For example, comparing the sets of areas before the 100% 450 cutoff line for sites 1 and 6 in Fig. 3 , we found that areas 25, OPro, 13, 47O, OPAl, 9M, 9L, 9/32, 451 8A, 8B, 11 and 47L all project to both sites. Indeed, any pair of sites share common input areas. 452
Second, the input pattern of site 4 was not a simple sum of the input patterns of its neighboring 453 sites 3 & 5. Indeed, site 4 receives strong inputs from areas 8B, 9M, 9/32, 14O and 14M, which a high number of areas from many FC regions (Figs. 3, 4 , & 5). Thus, rather than being predicted 456 by cytoarchitectonics, inputs to the rACC are better understood via three spatial patterns across all 457 sites (Fig. 6) . 458
459
The characterization of a network hub by anatomical projection patterns. The concept of hub 460 originates from graph theory in brain network analysis (Sporns, 2011) . Theoretically, a hub is the 461 node of the highest degree in a network, i.e. with outstandingly numerous connections with the 462 other nodes. In modularized networks as those in the brain, the hub facilitates communication In this study, site 4 showed two defining features of a hub: high degree of inputs and a position in 471 the network that facilitates cross-module integration. High degree is reflected by the high number 472
of areas with strong projections to this site (Figs. 3-5 ). To demonstrate cross-module integration, 473 we define functional modules in an empirical manner. The standard graph theory definition 474 requires all-to-all connectivity measured between FC areas (Sporns, 2011) . This is impractical with 475 tract tracing experiments. Therefore, instead, we used functional regions of the FC to approximate 476 functional modules. Site 4 marks the most integrative zone in the rACC where inputs from the 477 functional regions converge. First, site 4 is in the central location of two projection gradients. One is formed by inputs from the vmPFC and the FP (Fig. 6A) . These are regions associated with 479 emotion and decision making (Joyce & Barbas, 2018; Piray, Toni, & Cools, 2016; Tsujimoto, 480 Genovesio, & Wise, 2010). They project strongly to sites 1-3, less so to sites 4 and 5, and the least 481 to site 6 ( Fig. 6A) . Inputs from the FEF and the premotor cortex are part of the second gradient. 482
These are motor control regions that project strongly to site 6, less so to sites 4 and 5, and the least 483 to sites 1-3 ( Fig. 6B) . At each end of the two gradients, the inputs are predominantly associated 484 with emotion-or motor-related functions. Site 4 is in the intermediate transitioning zone of both 485 gradients. Inputs are more balanced between gradients at this site. Second and importantly, a third 486 gradient peaks at site 4. Input strength from regions associated with higher cognition gradually 487 increases from site 1-4 and decrease from site 4-6 ( Fig. 6C ). The peaking inputs at site 4 allows 488 higher cognition to maximally interface with emotion and motor control. Therefore, site 4 enables 489 communication between all three functional modalities. Together with the high degree of inputs, 490 the integrative nature of site 4 makes it a hub in the prefrontal network. 491 492 Implications of FC afferent input patterns on ACC functions. There has been a dichotomy in the 493 classical interpretation of ACC functions, such that emotional and cognitive influences affect the 494 ventral and dorsal ACC separately (Bush, Luu, & Posner, 2000) . Classically, the ventral ACC is 495 attributed with "limbic" functions, e.g. visceral responses, emotion, and memory (Buckner, The rACC hub provides an alternative view to the ventral/dorsal dichotomy. Instead of associating 509 each subregion with one function to support serial computation, the ACC may be better understood 510 through the functional integration by its subregions. In neuroimaging studies, the rACC as a large 511 region showed high degree of structural and functional connectivity with the rest of the brain 512 the type of networks involved: MDD engages the networks for self-reference and cognitive control 541 (Pizzagalli, 2011) , while OCD engages those for reward-driven and goal-directed behaviors (Milad 542 & Rauch, 2012) . The hub connects a majority of FC areas involved in the above networks, which 543 makes it a site prone to damage in both disorders. Moreover, the precise pattern of its anatomical 544 connections provides important information for targeting disorder-specific disconnections and 545 affected areas. 546 were averaged. The mean and standard error across areas are shown for each site. The mean percent 830 score of FP & vmPFC was greater at sites 1-3 than at sites 4-6; that of FEF and premotor cortex 831 was lower at sites 1-3 than at sites 4-6. The mean percent score of dlPFC, dmPFC and vlPFC 832 gradually increases from site 1-4 and decreases from site 4-6. There was no consistent pattern in 833 the OFC percent scores across sites. based on cell counts, and that for tractography is based on the tract density between the seed and 865 the target masks (values in the fdt_path output by FSL). The tract strength by seeding the FC areas 866 was more correlated (Pearson's coefficient = 0.42, p < 0.05) with the tract tracing result than that 867 by seeding the rACC (Pearson's coefficient = 0.17, p > 0.05). 868
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